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The E-MRS 
High Temperature 
Electronics Symposium 
Strasbourg, 4-7 June 1996 
The 1996 meeting drew no less than 885 delegates for some took part in a total of 12 symposia 
covering Thin Film Materials for Large Area Electronics; UV, Blue and Green Light Emission 
Group IV Heterostructures etc. However we report here on "Symposium A: High Temperature 
Electronics" which covered both materials technology and application issues. 
SiC for Power Device 
Applications 
The largest volume market for SiC 
electronic devices is expected to be 
in the area of power devices such as 
bipolar devices for electric motor 
control, and switching devices for 
high voltage DC transmission to 
name but two. These applications 
provide the main driving force be- 
hind the thrust in SiC bulk crystal and 
thin film growth technologies. 
E. Janz6n (Link6ping University, 
Sweden) outlined the progress so 
far and the chaUenges that remain 
in the growth technology and the 
control of defects uch as micropipes 
in bulk wafers. Carrier lifetime con- 
trol by electron irradiation would 
appear to be the process of choice 
so far since diffusion of impurities is 
difficult in SiC. Commercially useful 
power devices for high voltage low- 
frequency applications are expected 
to become commercially available 
within the next 5 years. 
SiC for high temperature 
applications 
The continuing developments in SiC 
electronics are due to the increas- 
ingly better quality of 4H- and 6H-SiC 
substrates which in turn has made 
possible the growth of homoepitaxial 
films of increased quality. 
R.F. Davis (North Carolina State 
University) gave an overview of site- 
competition epitaxy for enhanced 
control of doping levels, new Ohmic 
and Schottky contacts for n- and p- 
type materials, and the continued 
development of AIN and other insu- 
lators. 
Other aspects covered related to 
the problems that remain such as the 
undesirable effect in high voltage 
diodes, namely the drastic decrease 
in the breakdown voltage with in- 
creasing temperature as reported by 
A.E. Syrkin (CNRS). 
The influence of deep recombina- 
tion centres on device characteristics 
at high temperatures needs more 
understanding if reliable devices are 
to be fabricated in future. Defect 
physics was therefore rather promi- 
nent in the most of the presentations 
and posters and included work on 
the properties of transition metals in 
SiC and also radiation induced de- 
fects which are considered ideal for 
carrier lifetime control in bipolar 
device technology and crucial for 
power devices. 
Cubic SiC and related 
systems 
Cubic (3C) SiC has among the best 
properties of all SiC polytypes for 
electronic applications. However, it 
is impossible to grow bulk crystals of 
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3C-SiC and therefore homoepitaxy is 
not possible which hinders large- 
scale device production. 3C-SiC is 
usually grown on Si substrates, but 
due to the large lattice mismatch, the 
films are invariably defect-rich, mak- 
ing them less than ideal for electro- 
nic applications. However, 3C-SiC 
can be considered for a limited 
number of applications. 
M. Spencer (Howard University) 
presented ata on SiC photoconduc- 
tive power switching devices sug- 
ges t ing  that  photoconduct ive  
semiconductor switching (PCSS) de- 
vices fabricated on SiC should be 
revisited. Previous attempts at PCSS 
devices from Si and GaAs failed due 
to the low breakdown fields, thermal 
runaway and lock-on limitations in 
these materials. Spencer went on to 
show how 3C-SiC PCSS devices over- 
come all these limitations and there- 
fore must be considered as good 
candidates for power switching de- 
vices. The rapid plasma etching of 
3C-SiC using NF3/°2 gas mixtures can 
be used to obtain etch-rates of up to 
1 micron/min opening up possibili- 
ties for three-dimensional microma- 
chining for MEMS and other sensor 
systems for use in harsh environ- 
ments. G. Kroetz (Daimler Benz) 
described some results on sensors 
fabricated by this method for use in 
automotive and aerospace applica- 
tions; in particular a SiC membrane 
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pressure sensor for possible use in 
combustion chambers. 
Micropipe defect 
reduction 
The high density of micropipe or pin- 
hole defects in bulk SiC crystals is a 
continuing hindrance to the devel- 
opment of SiC devices, in particular 
power devices. A temperature gradi- 
ent controlled growth method re- 
ported by M. Anikin (CNRS) appears 
to reduce drastically the pin-hole 
density in 6H and 4H-SiC 1-inch 
ingots to 100-200 cm 2. High tem- 
perature CVD (HTCVD) growth of 
SiC by Yu. Makarov (Erlangen) and 
coworkers yielded growth rates of up 
to 0.5 mm/h  at growth temperatures 
of around 2000°C. This method is 
being pursued  by many groups  
around the world. 
Silicon-on-Insulator 
Silicon-on-Insulator (SOI) technology 
has extended device capabilities to 
beyond those of bulk silicon. SOI 
technology is fully compatible with 
conventional Si ULSI and since there 
is no latch-up in the devices and the 
leakage currents are low, high tem- 
perature operation is possible. 
B. Gentinne (University of Louvain, 
Belgium) discussed thin-film silicon- 
on- insulator  (TFSOI) techno logy  
which was proposed to be the best 
contender for digital and analog IC 
applications in the 200-350°C range 
due to the absence of thermally- 
induced latch-up and low leakage 
currents. A LETI -- SOITEC colla- 
boration showed that a new Smart- 
Cut ®SOI process can be considered 
a viable option for UESI applications 
due to the low power  and low 
voltage requirements. The Smart- 
® Cut process leads to a high thick- 
ness Si top layer with excel lent 
homogeneity and a surface micro- 
roughness comparabl e to that of Si 
substrates. Gentinne pointed out that 
SOI technology should not be con- 
sidered solely for the high tempera- 
ture and radiation hard niches. 
Diamond 
The contributions on diamond fo- 
cused mainly on sensor applications 
and photodetectors. This was due 
mainly to the fact that there is now 
broad consensus that diamond elec- 
tronics has been superceded by the 
strong emergence of SiC for high 
temperature applications. However, 
this did not stop R. Jackman (Uni- 
versity College London) from giving 
an impressive talk on the continuing 
interest of diamond for pressure, 
temperature  and photon sensors, 
and also transistors. CVD remains 
the growth method of choice for 
diamond films and there remains 
strong interest in solar-blind photo- 
detectors. Diamond films for the 
thermal management of electronic 
devices is the key growth area for 
this technology. 
The Nitrides 
III-V nitride transistor technology is 
maturing fast. GaN-based MISFETs 
and MOSFETs, and AIGaN/GaN het- 
erostructure FETs were all reported 
to have potential for high tempera- 
ture applications by M,~. Khan (APA 
Optics). It was concluded that GaN- 
based FETs could compare favourably 
with their SiC counterparts at tem- 
peratures of up to 400°C in spite of 
the lower thermal conductivity of 
GaN in compar ison  to SiC. For 
further progress, much fundamental 
work  needs to be done in for 
example, understanding the physics 
of the 2-dimensional electron gas at 
the AIGaN/GaN heterointerface; this 
issue was tackled by H. Alause and 
coworkers (CNRS) who derived the 
electron effective mass by cyclotron 
resonance measurements - a re- 
freshing piece of physics in a sympo- 
sium preoccupied with technology 
considerations and empirical results. 
Summary 
The Meeting ended with talks by 
several invited speakers on wide 
band-gap semicondutors. The show 
was stolen by Shuji Nakamura of 
Nichia Chemical Industries who con- 
ducted a live demonstration of his 
latest nitride-based UV laser and a 
flatpanel display consisting of pixels 
with integrated red, green and blue 
LEDs. 
Symposium A of E-MRS 1996 on 
high temperature  lectronics at- 
tracted strong interest indicating a 
healthy future for this emerging 
industry. Technology has come a 
long way and SiC is maturing fast. 
However, it should be noted that the 
majority of high temperature applica- 
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tions (up to 300°C) are likely to be 
covered by silicon and SO1 for at least 
the next 10 years, and that SiC will 
dominate the power device sector. 
The absence of work on bulk silicon 
devices, which may work adequately 
up to 200°C with some trickery - 
and are good for the majority of 
applications - was rather surprising 
and perhaps an implicit tribute to the 
maturity of bulk silicon technology 
which has proved to be capable of 
everything within the fundamental 
physical constraints. 
An online version of this article can 
be found on the H igh  Temperature 
E lectronics Network  WWWsite at 
h t tp : / /www.h i ten .com 
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sion of  Philitm Electronics North 
America Corporation have an- 
nounced additional funding from 
DARPA to further develop blue 
de ma- 
The 3- 
year, $5.2 m contract  will be 
;. The con- 
] in DARPA 
Philips cost 
ty$1 m. 
This additional funding should 
greatly increase the probability of 
success in achieving a robust blue 
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